Species composition of zooplankton communities were investigated in all 30 lakes of the Tsugaru-Juniko Lakes in the Shirakami mountains, northern Japan. A total of 64 taxa was recorded, out of which 25 rotifers and two cladocerans were newly recorded in these lakes. Excluding several spring-fed ones, the present lakes were clearly classified into two groups on the basis of zooplankton composition. That is, in larger lakes with fish (Group A) rotifers predominated, especially Keratella cochlearis and Polyarthra spp., while crustaceans were much less abundant except for Bosmina longirostris. On the other hand, smaller lakes without fish (Group B) were inhabited by abundant Daphnia longispina and cyclopoid copepods, but rotifers and Bosmina longir ostris scarcely occurred there. Distribution of larvae of a phantom midge (Chaoborus flavicans) was also restricted in the Group B lakes. Past records show that two large zooplankters, Daphnia longispina and Acanthodiaptomus pacificus, were abundant in the Group A lakes until 1940s. Predation by introduced fishes, especially the pond smelt Hypomesus transpacificus nipponensis, probably eliminated the large forms there. These facts suggest that predation is a major factor controlling the zooplankton community structure in the Tsugaru-Juniko Lakes.
Table2.
Composition (% in number) of zooplankton communities in the Tsugaru-Juniko Lakes in June 1992. Lake numbers are the same as in Fig.1 ; they are arranged in order of the area shown in Fig.2 and 15). Although our survey is not yet sufficient for analysis of fish distribution, the following six species have so far been confirmed as established in the present lakes : pond smelt (Hypomesus transpacificus nipponensis), rainbow trout (Oncorhynchus mykiss), carp (Cyprinus carpio), silver crucian carp (Carassius giberio langsdorfi), topmouth gudgeon (Pseudorasbora parva), and threespine stickleback (Gasterosteus aculeatus). Except for unsurveyed L. Chidori-ike (No. 28), all the lakes in Group A are inhabited by fish, whereas no fish have ever been found in Group B lakes (Fig. 2) . Another salmonid, Sakhalin huchen (Hucho perryi) is raised in artificial ponds near L. Koikuchi-no-ike (No. 7) and some of them have been repeatedly released into but not established in that lake.
Discussion
Among 64 taxa of zooplankton recorded in the present study, 13 species (asterisked in Table 1 ) have been recorded in previous reports (YOSHIMURA and KOBA, 1933; KOKUBO, 1941a KOKUBO, , 1941b KOKUBO, , 1942 KOKUBO and KAWAMURA, 1940 , 1948 KOKUBO and MATSUYA, 1942; KAWAMURA, 1947 KAWAMURA, , 1956 KAWAMURA and Ko. KUBO, 1941; MIKAMI, 1962; TANAKA, 1984 TANAKA, ,1992 IDA, 1990; OHTAKA and SAITO, 1993) . On the other hand, our study newly recorded the occurrence of 27 species, 25 rotifers and two cladocerans, from the lakes. The number of taxa recorded is much higher in the present study than in the previous ones. This may be partly because more lakes were surveyed at different seasons in the present study. Regarding Chaoborus larvae, YOSHIMURA and KOBA (1933) once recorded their occurrence in the east basin of L. Dai-ike (No. 31) and noted their absence in eight lakes and basins of the Group A lakes (Nos. 2, (5) (6) (7) (8) (9) 14, 32) . No other studies recorded this animal in any Group A lakes including No. 31. This suggests that Chaoborus lavae have not been distributed in most Group A lakes since early in these studies.
The Tsugaru-Juniko Lakes were classified into two distinct groups (Groups A and B) on the basis of zooplankton community structure. TSUSHIMA et al. (1995) recently classified the present lakes into three groups on the basis of chemical composition of lake waters. However, their system differs greatly from ours except that, in both, chain lakes with short connecting rivers (Nos. 2-11) were assigned to a common group (Group A in the present study). This implies that such a chemical difference in lake water may not strongly affect the zooplankton community structure. On the other hand, the present division of.lakes agrees well with the distribution of fish (Fig. 2) . This suggest that fish largely regulate the zooplankton community structure, probably through the predation.
It has been noted that zooplankton fauna have changed in the past in at least several lakes in Group A (OKITSU, 1954; KAWAMURA, 1956; OHTAKA and SAITO, 1993) . That is, Daphnia longispina and Acanthodiaptomus pacificus have been frequently recorded as the most dominant zooplankters in Koikuchi-no-ike subgroup lakes until the early 1940s (YOSHI-MURA and KOBA, 1933; KAWAMURA, 1940, 1941; KOKUBO and MATSUYA, 1942) . However, as shown in Table 4 , they have become much rarer or disappeared altogether since the 1950s (OKITSU, 1954; KAWAMURA, 1956; MIKAMI, 1962) . According to KAWAMURA (1956) , the Tsugaru-Juniko Lakes originally had no rainbow trout, carp or pond smelt, the three species repeatedly introduced into several larger lakes (Group A) beginning in 1916, 1917 and 1942, respectively . Today, some of these introduced fishes, as well as some other species are established in the Group A lakes except for the unsurveyed No. 28. Consequently, it is highly probable, as suggested by KAWAMURA (1956) and OHTAKA and SAITO (1993) and as described elsewhere (e.g. BROOKS and DODSON, 1965) , that size-selective feeding by the introduced fish considerably decreased the density of the two large crustacean zooplankters. The impact of predation seemed to be severe especially by pond smelt, which are known to feed on planktonic crustaceans exclusively (KAWAMURA, 1956; SHIRAISHI, 1961) , and the decline of the above mentioned two crusta- 2 ). We could not find any fish there even today.
Consequently, it is highly probable that the clear division into two groups found in the present zooplankton composition among the Tsugaru-Juniko Lakes resulted from changes in the Group A lakes.
It has been repeatedly shown that sizeselective feeding by fish and invertebrate predators can control the zooplankton community structure in a lake (BROOKS and DODSON, 1965; RIESSEN et al., 1988; BLACK and HAIRSTON, 1988 VANNI (1986) and GILBERT (1988) . It is also probable that the scarcity of rotifers and Bosmina longirostris is attributable to predation by Chaoborus larvae which eat small-sized zooplankters exclusively (DODSON, 1974; ENDE and DEMPSEY, 1981; ELSER et al., 1987) . Although the precise predation mechanism still remains unclear in the present study, it is most likely that predators greatly affect the structure of zooplankton communities in the Tsugaru-Juniko Lakes.
